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SUBJECT8 Deterxihation of the Effect of Oxygen Content on the Mechanical 
Propartier o f  'Ntanim - 4 Al-2.5 Sn Alloy A t  Roam and 
Cryogenic Teniperaturem, 
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i 
BtiSTRilCT: Tensile (?Q, Ft, and dongation) propertier, notched tansils 

strengths and notch6d/ttnnotched ten8Kl.e ratior were datsrsd2ub 
en fivu heate of T i - S A l 3 . 5  Sn at +78O, -320°1 and -423%. 
Bcygen analyses of the five h e a b  wero .09, .11, .15, .1? a& 

weight percent, 
y l s l d  strengths at all testing tslPperaturee with an inereass 

oxygen content, Elongations remained nearly constant arcspt 
th. .24% 02 heat kt  -423% which exhibited a sharp daureab. 
longatfon, Notched tsnsih stre- and n ~ t e h e d f u n n ~ t c w  
i l e  Etrerigth ratiosoindicate high degree af toughnear for 
of the heats at Ul8 and -320 b A t  - 4 2 3 9  thore heeta 
aining under 0,155 caygen -re tough, the h a t  contaiahag 
% oxygen began to ehw esmbrittlewsnt dua to q g m ,  whila 

haat8 w l t h  increasing txygen contents were progressivdy more 
britt lo .  

insure adequate toughness fur structural appllcatiorre at liquid 

The data obtained show an increase in W U e  

I 

It is recamendad that the oxygen content of the , \  
' <  - 

Ti-5Al4*5 Sn Alloy bs l u t e d  to 8 oi 0.72% in OM- tc 
.-. I . I  
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I 
I Wdrogen temperature (-423OP) 
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TOeomechanlcal properties of the five heat8 ai Ti-5Al-2.5 Sn al loy a t  
+?8 , -320* and -423% ass reportbd Table 11. Is ha8 been prevhx9l.y 
srpsrfencea, the yield and tensile strangtho increase about 100$ up- 
reducing the test taleperattare frum +?ao t0 -423%. 'phs %as% t ~ m t ~  
appears to have little effect upon the elongation except for tho high 
(0.24%) mcygsn heat (e-1671), where the dengation WBS severely decreased 
from -32m t o  4 3 % .  T b  y i e l d  and tensile strength8 generall;): incream 
w i t h  iuereasa in oxygen contant, vhich would bo expeckd. 

The taua;hners of the Ti-5dl-2.5 Sn, aa evaluated 
strongthe and notchsdj/unnotched tansilo etr.ngth rat ia ,  is def in i te ly  
affected by the cnrygan content. 
Increases w i t h  reduction in test temperature for  thase heats containhug 

notched tsOoiU 

The notched tsnsil+ strength continuously 

0.09 and 0.11% oxygen (bats V-1699 &d V-l668) ,  vhile the heat con&ing 
O.I5$ axyg;a (heat V-1669) ahova only a very a l ight  increase in netchbd 
tensile strasrgth between -320- and 4 2 3 9 .  The heats containing 0.17 and 
O.*$ aqgcbn (heats 8-1670 and V-1671) rhou a signS5.c.nt decrease la 
r r o t c h d  W i l e  at& as the temperature is reduced from -320% te -4230p0 

Tough, crac3k-resistant metals ahov a continuout inorernse in both sls~ofh and 
notched tensfie rtmagth v i t h  decreasing temperature of tes t ,  
in notabed teneflle tes t  vith decreasing tumperature, cta wen as tho a o t c w  
unnotched tens i le  strength rtifio, may therdora, be taken a8 M index of 
b r i t t l e  fracturo tendermy. 
betwen -32e and -4239 for all heate irr plotted agdmt oqgen cantent in 
Figure 1. It is seen that at oxygen levels of 0.09 and 0.11$ the notclhed 
tensile 8 t - W  incrcasae appmxiaatev 25,000 psi from -30b to - 4 2 3 ~ ~ .  
A t  an oxygen level of 0.15s, tho increase in no.tcfrsd taasile stmngth is 
onlx 3,000 p s i  between these two teroperaturer, w h 3 h  at 0.17 d 0.24% 
oarygen, the notched t s n ~ i l e  strength dsrrreaaea 18,000 and 40,000 psi  
respectively between -320% and +3*. The amooth aarPe through these i 

points d e f i n i t a l g  justifies the 0.12% ~~ lMt which hss been placed upon' 
the q g a n  content in General ~,a&os/Astronautics Specification bo 0-71010. 

Tha ahangcr 

The net change in notched teamile stroagth 
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Tbe effect of q g e n  content upon the notcbcI/ubnotched tensile atrength ~ 

ratior at  the VariouEI test temperatures i a  shewn beZ~vt i 
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aKggen !?etched/ Tensi le  Strong& (Lowi tad  : 
Content k t l G t $ l O d  Ratio terata ) 
U t .  Percent L2uL -320% -423! 
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iiE;S'ilLTS AND IlISC:JSLpI9H (oontinued) 

The abava data show that oxygen content over the range of 0.C9 t o  0 . u  
does not fnfl-mnce the loom temperature toughness of the  5.41-2.5 Sn-Ti 
ellcy, a& evsluatcsd 
conmntration factor, I$.* of 6.3. The 8crmc test when Frformd at  -320% 
begins t o  s h o w  sone degradation in toughness at an axygea l eve l  o f  0.- 
while a t  -4.239, the notcbd/unnotched tensile strength drops t o  unity a t  
an oxygen level of 0.15% and is  signlfiaently reduaed a t  higher oxygen 
aontents. 

means of a notched tensile speclaen having a stre88 

Based upon the resu l t s  obtained, it Is ooncluded that tb spaeiflcation for 
5111-2.5 Sn-TI alloy aheet to be used for liquid bydrogen t e m p r a t w  
applications 8hauld limit the oxygen content to a maximum or 0.12% in 
omhr to aasure adequate toughness for  such applications, 

1. Y i e l d  and t ens i l e  strengths of the Ti-5A1-2.5 Sn alloy increase a b u t  
1- with decrease €n test temperature from 78- to 4 2 3 9 .  

2, Elongation is only sli htly affeoted by decrease in temp, except for 
ths high oxygen (0.U bearing hea 
sharply reduocrd fme, - 3 2 e  to -423 

The elongation of this heat l a  F f 
3, 4 The toughness of the Ti-5A1-2.5 Sn alloy, as cietermlned aotahed 

tensile data and notchad/uunotcbed tensile ratiob, i s  defhi ta ly  
affected by incrcese of  olgrgsn, 

4,, It l a  reooamrendsd that the O2 ooatcsnt be limltsd t o  0,10 to 0 1s 
(0.15$ maximum) in order to assure adequate tougttness at 




